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Gastrulation defects lead to embryonic lethality in porcupine
homolog mutant mouse embryos
Steffen Biechelea,b, Brian J. Coxa, Janet Rossanta,b
aHospital for Sick Children, Toronto, ON, Canada
bDept. of Mol. Genetics, University of Toronto, Canada
In mammals, 19 Wnt ligands activate canonical and non-canonical
signaling pathways. Genetic perturbations of pathway members have
established important roles for Wnt signaling in development and
disease. These efforts have focused on the cells that receive Wnt
signal, whereas cells secreting Wnt have not been extensively
studied. The conserved X-chromosomal gene porcupine homolog
(Porcn) is a member of the membrane bound O-acyl transferase
(MBOAT) superfamily. Biochemical evidence shows that Porcn is
required for lipid modification of several Wnt ligands, which is
essential for the secretion and function. Embryonic lethality of several
single Wnt mutants suggests a role for Porcn in mouse embryonic
development. Using embryonic stem (ES) cells carrying a null allele as
well as a mouse line carrying a conditional allele, we present evidence
for the requirement of Porcn in embryonic development. Aggregation
of Porcn null ES cells withwildtype embryos as well as zygotic deletion
of Porcn leads to gastrulation defects. Marker gene and canonical Wnt
reporter expression are reminiscent of the Wnt3−/− phenotype and
suggest a role for Porcn in the secretion ofWnt3, but does not exclude a
role for otherWnts. In vitro differentiation of null ES cells as embryoid
bodies shows a requirement for Porcn in the generation of Flk1+
mesodermand luciferase reporter assays confirm that Porcn is required
in theWnt secreting but not signal receiving cell. In summary, our data
demonstrates a role for Porcn in Wnt signaling and mouse embryonic
development.
doi:10.1016/j.ydbio.2010.05.204
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Developmental mechanisms underlying cardiac antero-posterior
patterning by the Raldh2 caudorostral wave
Sylvia Sura Trueba, José Xavier-Neto
Grupo de Genética e Desenvolvimento Cardíaco,
Laboratório de Genética e Cardiologia Molecular, InCor, HC/FMUSP, Brazil
Early establishment of antero-posterior orientation of cardiac
precursors is a key step in heart organogenesis because anterior and
posterior segments give rise to ventricles and atria, respectively.
Cardiac identity is controlled, at least in part, by localized retinoic acid
production, ensured and regulated by a Raldh2 dynamic caudorostral
wave expression. To determine how the Raldh2 is activated in the
cardiac field, we cultured explants of cardiac mesoderm fragments
(CMF) isolated or in co-culture. Only 7% of isolated CMF expressed
Raldh2, whereas its expression rose to 35% when CMF was co-
cultured with posterior mesoderm and, surprisingly, to 51% when co-
cultured with axial tissue, which normally does not express Raldh2.
Next, we cultured embryos with the left-side cardiac mesoderm
separated from its posterior counterpart by a glass shard. The
embryos displayed morphological disturbances, often exhibiting
cardia bifida; and the left-side Raldh2 frontal progression always
stopped at the level of the shard, while most of the sham embryos
developed a bilateral Raldh2 caudorostral wave, meeting anteriorly at
the midline and developing a normal pumping heart. These
experiments suggested that the anterior lateral mesoderm is not
pre-patterned to express Raldh2 and requires cell movement and/or
diffusion of chemical messengers from neighbouring tissues on
adequate culture conditions. The possible influence of candidate
Raldh2 regulators expressed in nearby tissues will be explored by
electroporation. Financial Support: FAPESP.
doi:10.1016/j.ydbio.2010.05.205
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Enhancer N-1-dependent activation of Sox2 during caudal
extension of the neural plate and its downstream
molecular events
Megumi Yoshida, Tatsuya Takemoto,
Masanori Uchikawa, Hisato Kondoh
Graduate School of Frontier Biosciences, Osaka University, Japan
In vertebrate embryos, the neural plate extends at the caudal end by
the addition of a new Sox2-expressing cell population. This de novo
activation of Sox2 is dependent on enhancer N-1, which is activated in
the caudal lateral epiblast (CLE) flanking the proximal primitive streak.
The CLE includes neural–mesodermal bipotential stem cells, which
cause axial extension. Thus, themolecular events immediately following
enhancerN-1 activation and Sox2expression at the zoneof caudal endof
neural plate (ZCNP) regulate genes that initiate neural development
from the neural–mesodermal bipotential precursor. To investigate this
gene regulation, we knocked out enhancer N-1 using gene targeting
technology in ES cells. In the enhancer N-1-deleted embryo, Sox2
expression in the ZCNP is lost. The absence of enhancer N-1 activity thus
delays Sox2 activation. However, Sox2 expression appears to be
compensated for by the function of another enhancer, evident by
normally developed embryos. To investigate Sox2-dependent gene
regulation in the ZCNP, we compared enhancer N-1-deleted and wild
type caudal embryonic tissues in the CLE and ZCNP by employing
microarray analysis. Several target gene candidates of Sox2-dependent
regulation in the nascent neural plate derived from the microarray
analysis are currently under investigation.
doi:10.1016/j.ydbio.2010.05.206
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Self-organization of anterior–posterior axis and elongation
morphogenesis in aggregates of mouse embryonal
carcinoma cells
Yusuke Marikawa, Dana A. Tamashiro,
Toko C. Fujita, Vernadeth B. Alarcon
Dept. of Anat. Biochem. Physiol., Univ. of Hawaii, HI, USA
To facilitate the understanding of cellular and molecular mechan-
isms of mouse embryo patterning, we exploited mouse P19
embryonal carcinoma cells as an in vitro model. Aggregates of P19
cells, which were cultured in hanging drops of medium for up to
6 days, not only up-regulated the expression of various mesendo-
derm and posterior genes but also exhibited elongation morphogen-
esis in a consistent manner. In situ hybridization analysis showed that
the elongated P19 cell aggregates possessed a distinct polarity, which
is reminiscent of anterior–posterior body axis. Loss-of-function
experiments by RNA interference demonstrated that the initial up-
regulation of mesendoderm genes was dependent on Wnt3 and beta-
catenin and that elongation morphogenesis was dependent on
Wnt3a, Wnt5a, Brachyury, Cdx2, and Tbx6. These results suggest
that in vitro development of P19 cell aggregates is regulated by the
same molecular mechanisms that operate in vivo. We further showed
that RhoA and ROCK signaling is crucial for elongation morphogen-
esis but not for axis specification. We propose that P19 cell aggregates
can serve as a simple and convenient tool to examine functional roles
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of various molecules and signaling pathways in mouse mesendoderm
formation and axial elongation morphogenesis.
doi:10.1016/j.ydbio.2010.05.207
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BMP signaling through ACVR1 is crucial for establishment of
the left–right asymmetry via proper formation of node cilia
in the mouse
Yuji Mishina, Vesa Kaartinen, Yuji Mishina
Dept of Biologic and Materials Sciences, School of Dentistry,
Univ. of Michigan, Ann Arbor, MI, USA
Bone morphogenetic proteins (BMPs) have multiple functions
including their role in the establishment of left–right patterning in
vertebrate development. Recently, we discovered that BMP type I
receptor Acvr1 in the epiblast is required for proper left–right
patterning. To address further how Acvr1 is involved in the process,
we utilized a conditional gene inactivation strategy to rescue the
gastrulation defects of the Acvr1 null mutation. Mosaic inactivation of
Acvr1 mutants in the epiblast by using Mox2-Cre (Acvr1:Mox2-Cre)
resulted in abnormal heart looping and bilateral expression of left
side markers in the lateral plate mesoderm. The mutant embryos
displayed an abnormal cilia development that resulted in a defect of a
cilia-driven leftward fluid. Complete inactivation of Acvr1 in the
epiblast by using Sox2-Cre resulted in complete lack of cilia in the
node. Expressions of intraflagellar transport genes, which are
important for node cilia formation, were downregulated. Interest-
ingly, Acvr1:Mox2-Cre embryos displayed abnormal cilia develop-
ment in a ventral part of the neural tube. Mouse embryonic
fibroblasts deficient in Acvr1 fail to form the primary cilium, when
stimulated by serum starvation. These suggest that ACVR1 is essential
for proper development of primary cilia by regulating cell cycle
progression to establish a left–right asymmetry at the node.
doi:10.1016/j.ydbio.2010.05.208
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Functional analysis of the mouse Nodal antagonist, Cerl2, during
left–right axis formation
Jose M. Inacio, Sara Marques, Jose A. Belo
Centre for Molecular and Structural Biomedicine, Univ. of Algarve, Faro,
Portugal
Although recently our understanding of how the LR asymmetry is
generated in vertebrate embryos has seen rapid progress, many
important questions remain to be explained. In mouse embryos, the
leftward flow of the extra-embryonic fluid in the node cavity, called
nodal flow, seems to be the symmetry-breaking event. However, it is
not yet know how this flow functions or how the asymmetric signal(s)
generated in the node is/are transferred to the lateral platemesoderm.
Themouse gene cerberus-like2(cerl2) encodes a 20-kDa proteinwith a
predicted signal peptide sequence and a cysteine-rich domain (CRD)
containing nine cysteines characteristic of the Cerberus/DAN family.
Whole-mount in situ hybridization studies showed that cerl2 tran-
scripts could be first detected in a horseshoe-shaped expression
pattern in the perinodal region of the mouse embryo (E7.0),
resembling Nodal expression at this stage. At stage E7.5, expression
of cerl2 begins to decrease in intensity on the left side, and by early
somitogenesis (E8.0), it can be strongly detected in the right side of the
node, assuming a complementary expression pattern to that observed
in Nodal. Furthermore, it was shown that Cerl2 activity is upstream of
the Nodal receptor inhibiting Nodal and its downstream targets. A
physical interaction between these two proteins exists, which suggests
that Cerl2 is a secreted Nodal antagonist. Here, to elucidate the role of
Cerl2 protein in the early events of symmetry breaking the functional
activity of this Nodal antagonist will be discussed.
doi:10.1016/j.ydbio.2010.05.209
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Comparative proteomic analysis of the left and right sides of
chick embryos
Yonghua Zhanga,b, Annie Simardb, Aimee K. Ryana,b
aDepartment of Human Genetics and Pediatrics,
McGill University, Montreal, Canada
bThe Research Institute of the McGill University Health Center,
Montreal, Quebec, Canada
In vertebrates, it is critical for normal physiological function that the
internal organs are asymmetrically positioned with respect to the
midline. The chick embryohas beenextremely useful to identifymanyof
the molecules that direct patterning of the left–right (L–R) axis during
embryogenesis. The asymmetric expression of several of these mole-
cules is regulated at the level of transcription. Here, we investigated the
proteomic profiles of the left and right sides of HH stage 8/9 chick
embryos to identify proteins that are asymmetrically expressed and
required for normal patterning of the L–R axis. Protein extracts from
biological triplicates were separated on SDS-PAGE, subjected to tryptic
digestion and then analyzed by ion-trap tandem mass spectrometric
analysis. 248 proteins were identified in all samples from the left side
and 237 proteins were identified on the right side. Of these proteins, 23
were found to be left-enriched and 7 candidates were right-enriched,
exhibiting a 1.5-fold or greater change between the left and right sides.
We are currently confirming the asymmetric expression of these
proteins by western blot analysis and immunohistochemistry. The
results of these studies will be presented.
doi:10.1016/j.ydbio.2010.05.210
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Left–right determination requires endoderm function in mice
Ranajeet S. Saunda, Masami Kanai-Azumab,
Yoshiakira Kanaic, Yukio Saijoha
aDept. of Neurobiology and Anatomy, University of Utah, Salt Lake City,
USA
bTokyo Medical and Dental University, Japan
cUniversity of Tokyo, Japan
The asymmetric placement and morphogenesis of visceral organs
along the left–right (LR) axis is crucial for proper embryonic
development. The development of LR asymmetry requires symmetry
breaking at the node and the left-side specific expression of the TGFβ
ligand, Nodal in the lateral plate mesoderm (LPM) as a left-side
determinant at E8.5. Our previous work has shown that Nodal
expression in the node is required for the expression of Nodal in the
left LPM, although the mechanism by which the asymmetric signal
generated at the node is transferred to the LPM is still unknown. To
test the significance of definitive endoderm in LR asymmetry, we
have investigated the role of Sox17, a HMG-box transcription factor
required for endoderm differentiation in mice. The Sox17 expression
pattern suggests that endoderm may be involved in node formation
and LR signal transfer. Analysis of Sox17 mutant embryos showed
abnormal node morphogenesis and absence of Nodal expression in
the LPM, suggesting that endoderm differentiation is required for LR
asymmetry. The reduced node size and altered protein localization in
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